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FREQUENCY OF ASPERGILLUS FUMIGATUS FRES.
— A TOXIGENIC AND ALLERGENIC FUNGAL SPECIES
IN MILKING COWS FEEDS THROUGHOUT
ONE RESEARCH YEAR
ABSTRACT: Fungal contamination of 92 feed samples used for milking cows feed-
ing during one research year (in all seasons) in Vojvodina was examined. A special atten-
tion was paid to the frequency of A. fumigatus, a fungal species harmful to human and ani-
mals. As it was found out all feed samples in summer and spring were contaminated with
fungi and about 95% in autumn and winter period. Aspergilli occured as contaminants in all
seasons. About 63% of feed samples in summer, 67% in autumn, 89% in winter and 48%
in spring were contaminated with them. A. fumigatus was constantly present in feeds. It was
isolated from 19% of feed samples investigated in summer, 33% in autumn, even 61% in
winter and from 4% in spring.
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INTRODUCTION
Fungi are world-wide distributed microorganisms which can exist in all
climate regions. They can be found on decaying soils and plant materials
( F i n k - G r e m m e l s, 2005; Ð u k i ã et al., 2007), in air (Ð u k i ã et al.,
2008; M a t koviã e t al., 2008), water (S a l l e n a v e - N a m o n t et al.,
2000; G r o v e l et al., 2003), in feed (A d a m o v i ã et al., 2005; B o å a -
r o v - S t a n å i ã et al., 2005; D ' M e l l o, 2002; Š k r i n j a r et al., 2008a,
2008b) and food (B a g i et al., 2005; J a nkoviã e tal., 2006; Š k r i n j a r,
2005; Š k r i n j a r et al., 2007; Š a r i ã and Š k r i n j a r, 2008) as well as in
raw materials used in feed and food technologies for their processing and pro-
duction of final products and by-products (Š k r i n j a r, 2008). Presence of
toxigenic and pathogenic fungi is of a high significance.
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present a major animal and human health risks throughout the world, espe-
cially in the humid climate regions (D ' M e l l o, 2002). The risks reflect in
the ability of numerous fungal species to produce harmful metabolites —
mycotoxins (S a m s o n and van R e n e n - H o e k s t r a, 1988).
Contamination of forages and cereals with mycotoxins frequently occurs
in the field following infections of plants with pathogenic fungi or with
symbiotic endophytes (D ' M e l l o, 2002). The possibility of contamination
may continue during the processing and storage of harvested products and feed
(A d a m o v i ã et al., 2005; B o å a r o v - S t a n å i ã et al., 2005; D ' M e l l o,
2002). A degree of fungal and mycotoxin contamination depend significantly
on environmental conditions, such as moisture content/humidity and ambient
temperature.
Classical representatives of plant pathogenic species (“field fungi") be-
longed to the genera Fusarium, Claviceps, Alternaria and some other genera
from the Hyphomycetes Dematiaceous group, while Aspergillus and Penicil-
lium exemplify storage organisms.
More than 200 species are classified into the genus Aspergillus. Many of
them are harmful to humans and animals. High incidents of Aspergillus myco-
toxins are noticed in warm and humid regions, but they often occur in tempe-
rate zones, too.
According to the data (D h a n d et al., 1998; B a n e r j e e et al., 2000)
Aspergillus species dominate all other fungi with respect to mycotoxin pro-
duction in cereals and oilseeds in some regions.
Various members of the genus Aspergillus are known as carriers of hu-
man and animal diseases. Aspergillus fumigatus is a fungal species associated
with over 80% of all human syndroms caused by aspergilli (B a n e r j e e et
al., 2000). These diseases range from being colonization of the lung to life
threatening diseases such as allergic bronchopulmonary aspergillosis (ABPA)
and invasive aspergillosis.
In addition to the upper airways, fungal infection of the mammary gland
and the uterus during parturitions may have resulted due to their exposure to
the external invasion of A. fumigatus conidia (F i n k - G r e m m e l s, 2005).
A. fumigatus was described as an etiologic agent identified in most of the
aspergilli related human diseases by many other authors (K h o o and D e n -
n i n g, 1994; O r e n and G o l d s t e i n, 2002; M a s c h m e y e r et al.,
2007; P a u e l et al., 2008).
S a r f a t i et al. (1996) reported that conidia of A. fumigatus are in corre-
lation with the airway hypersensitivity of horses as well as with bronchitis,
mastitis and incidental abortion in cattle. In laboratory rats a local pulmonary
response following intrasanal application of different doses of A. fumigatus co-
nidia evaluated on 7 and 21 days of the experiment was described by Ÿ i v a -
noviã e t a l . (2007).
A. fumigatus is a producer of a variety of termorgenic mycotoxins, a
group of indole derivates, such as verruculogen, fumitremorgens and penitrem
A. These toxic metabolites induce tremor and other symptoms of neurotoxity
in laboratory animals and livestock (…).
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epipolythioidiopiperazines. Gliotoxin exert different biological effects. For exam-
ple, it induces a specific calcium release from intact liver mitochondria (S a l -
v i et al., 2004) and apoptotic cell death in numerous cell types. Gliotoxin has
been found to be a strong immunosupresive agent, too (W a t a n a b e et al.,
2003).
In this paper the results of the occurence of Aspergillus species with a
special attention paid to Aspergillus fumigatus frequency in feeds for milking
cows feeding throughout one research year are presented.
MATERIAL AND METHODS
Mycological contamination of different feed samples (92) for milking
cows feeding during one year in Vojvodina was examined in this work. Sam-
ples were taken from four farms throughout all seasons. Type and number of
feed samples are given in Table 1.
Tab. 1 — Type and number of feed samples used for feeding of milking cows throughout one re-
search year
Type of feed
Number of feed samples
Summer Autumn Winter Spring
H a y 4443
Dried lucerne 3444
Concentrate 5444
Sunflower meal 1 — a ——
Dried corn silage — 3 4 2
Fresh corn silage 3 — — 2
Corn grain silage — — 2 3
Pelleted malt spent grains 2321
Fresh rape leaf — 1 — —
Pelleted sugar beet pulp 1324
Fresh sugar beet pulp 1111
Fresh rape-seed leaf — — — 2
Total 20 23 23 26
a not used
Mycological investigation. Determination of total viable count of moulds
per 1 g of each sample was done as well as the isolation and identification of
all fungal genera. Their share in isolated mycopopulations, with a special at-
tention paid to the presence and frequency of Aspergillus fumigatus, a fungal
species with toxigenic and allergic properties, was examined, too.
Total viable counts of moulds per 1g of sample were determined by stan-
dard Koch' s method. Sabouraud maltose agar (SMA) with streptomycin (0.01—
0.02%) was used as an isolation medium. Incubation was carried out at 25°C
for 7 days and the identification of fungal genera and A. fumigatus according
to S a m s o n and v a n R e e n e n - H o e k s t r a (1988).
103RESULTS AND DISCUSSION
Summer. All of the feed samples tested in summer period were contami-
nated with moulds (Fig. 1) and the number ranged from 10.0 (dried corn si-
lage) to 2.8 x 107 /g (pelleted malt spent grains). It was found that 87% of the
samples were contaminated with species from the genus Penicillium, 63% with
Aspergillus spp., 56% Mucor spp., 50% Cladosporium spp., 12% with Fusa-
rium and Alternaria species. About 56% of feed samples were spoiled with
fungal species which belonged to the other genera.
A. fumigatus was isolated from 19% of the samples (Fig. 2), including
30% of those contaminated with other species from the genus Aspergillus. A.
fumigatus was found as a contaminant of concentrate (2 samples) and dried
corn silage (1 sample).
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Fig. 1 — Contamination degree of feed samples with certain fungal genera in the summerAutumn. In this season a higher frequency of A. fumigatus of feed myco-
populations was noticed (Fig. 3). This fungal species was isolated from six
different feed samples (33% of total contaminated) (hay — 2 samples, dried
corn silage — 1, pelleted malt spent grains — 1, pelleted sugar beet pulp —
2), which were spoiled with fungi. It is necessary to point out that even 50%
of samples infected with Aspergillus spp. were contaminated with A. fumigatus
at the same time.
As it was established, about 95% of feed samples (18 of 19 total exa-
mined) contained moulds at various degree (from 70.0 — pelleted sugar beet
pulp to 4.0x105/g — pelleted malt spent grains).
Winter. Total viable count of moulds in winter research period varied
between 10.0 (corn grain silage) and 2.1 x 107/g (dried corn silage). Results of
fungal contamination of feeds were approximately in conformity with those
determined in autumn.
A high incidence of Aspergillus spp. frequency was found. Even 89% of
total contaminated feed samples were infected with species of genus Aspergil-
lus (Fig 5). These results are not in accordance with a few data reported on
Aspergillus spp. distribution, especially in climate regions with high tempera-
ture and humidity (D h a n d et al., 1998; B a n e r j e e et al., 2000). At the
same time, a decrease of A. fumigatus frequency was noticed. The species was
isolated from 11 samples (61% of total contaminated — Fig. 6) (dried lucerne
— 3, concentrate — 3, dried corn silage — 3, pelleted sugar beet pulp — 1,
pelleted malt spent grains — 1).
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Fig. 2 — Contamination degree of feed samples with A. fumigatus in the summer106
Fig. 3 — Contamination degree of feed samples with species A. fumigatus in autumn
Fig. 4 — Contamination degree of feed samples with certain fungal genera in autumn107
Fig. 5 — Contamination degree of feed samples with certain fungal genera in winter
Fig. 6 — Contamination degree of feed samples with species A. fumigatus in winterSpring. All feed samples were contaminated with fungi again (Fig. 7).
Their number varied from 20.0 (pelleted malt spent grains, fresh sugar beet
pulp) to 6.1 x 105 in 1g (dried lucerne).
The most frequent in mycopopulations were found to be Penicillium spe-
cies which were isolated from 61% of the examined samples and Aspergillus
spp. isolated from about 48% of them (Fig. 8). Only one feed sample (concen-
trate) was contaminated with A. fumigatus in spring period.
Investigations of the frequency of Aspergillus species, especially of a
toxigenic and allergenic fungal species A. fumigatus indicate that the highest
incidence of feed contamination with Aspergillus spp. was noticed in winter
research period. In this season even 89% of samples were contaminated with
aspergilli (Fig. 9). The lowest contamination degree (48%) was determined in
spring.
Comparing a frequency of A. fumigatus in feed samples throughout one
research year (in all seasons) it can be seen that the highest contamination
caused by A. fumigatus was observed in winter period, too.
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Fig. 7 — Contamination degree of feed samples with certain fungal genera in spring109
Fig. 8 — Contamination degree of feed samples with species A. fumigatus in spring
Fig. 9 — Contamination degree of feed samples with species A. fumigatus during
one experimental yearCONCLUSION
Aspergillus species were constantly present in milking cows feeds through-
out one research year (in all seasons). The highest degree of contamination
(89%) with aspergillis was observed in winter period and the lowest (48%) in
spring.
A. fumigatus was found as a contaminant of different types of feeds.
About 19% of samples in summer were found to be contaminated with it, 33%
in autumn, 61% in winter and only 4% in spring research period.
REFERENCES
A d a m o v i ã, M. J., B o å a r o v - S t a n å i ã, A. S., Ð o r ð e v i ã, N. Ÿ., D a k o -
v i ã , A . S . , A d a m o v i ã, I. D. (2005): Mycotoxins in Silage — Causes of
Creating, Altermath and Protection from Acting. Matica Srpska Proceedings for
Natural Sciences 108: 51—57.
B a g i, F. F., S t o j š i n, V. B., B a l a ÿ, F. F. (2005): Cereal Seed Mycopopulations
in Serbia. Matica Srpska Proceedings for Natural Sciences 108: 189—195.
B a n e r j e e, B., G r e e n b e r g e r, P. A., F i n k, J. N., K u r u p, V. P. (2000): Mole-
cular Characterization of Asspergillus fumigatus Allergens. Indian J. Chest Dis.
Allied Sci. 42: 239—248.
B o å a r o v - S t a n å i ã, A. S., A d a m o v i ã, M. J., Ð o r ð e v i ã, N. Ÿ. (2005):
Mycopopulations of Alfalfa Silage with Particular Rewiev on Toxigenic Fusarium
spp. Matica Srpska Proceedings for Natural Sciences 108: 59—67.
D h a n d, N. K., J o s h i, D. V., J a n d, S. K. (1998): Fungal contamination of dairy
feed and their toxigenicity. Indian J. of Animal Sci. 68, 1095—1096.
D ' M e l l o (2002): Microbiology of Animal Feeds. FAO Electronic Journal No. 160.
Ð u k i ã, D. A., M a n d i ã, L. G., S u m a n o v, V., R a k e t i ã, V. (2007): Anthropo-
genic Effects on soil micromicetes. Matica Srpska Proceedings for Natural Scien-
ces 113: 179—191.
Ð u k i ã, D. A., S b u t e g a - M i l o š e v i ã, G., Š k r i n j a r, M. (2008): Aeromikro-
biologija. Agronomski fakultet, Åaåak.
F i n k - G r e m m e l s, J. (2005): Mycotoxins in forages. In: The Mycotoxin Blue Book
(D.E. Diaz ed.), pp. 249—268. Nottinghem University Press, UK.
G r o v e l, O., P o u c h u s, Y. F., V e r b i s t, J. F. (2003): Accumulation of gliotoxin,
a cytotoxic mycotoxin from Aspergillus fumigatus, in blue mussel (Mytilus edulis).
Toxicon 42: 297—300.
Jankoviã , V . , Škrinjar , M . M . , Vukojeviã , J . , Karan , D . , Radmili ,
M. (2006): Mikotoksini — potencijalna opasnost za ÿive organizme. Tehnologija
mesa 47: 97—103.
K h o o, S. H., D e n n i n g, D. W. (1994): Invasive aspergillosis in patients with AIDS.
Clin. Infect. Dis. 8, 19 Suppl. 1: S41—48.
Maschmeyer ,G . , Haas ,A . , Cornely ,O .A .(2007): Invasive aspergillosis: In:
Epidemiology, diagnosis and management in immunocompromised patient. Drugs
67: 1567—1601.
110Matkoviã ,K . , Vuåemilo ,M . , Vinkoviã ,B .(2008): Numeroussnes of fungi
in the air of Dwellings for dairy cows and laying hens. Fungi and Mycotoxins —
Health Aspects and Prevention, Zagreb, Croatia, December 5, Book of Abstracts,
48 p.
O r e n, I., G o l d s t e i n, N. (2002): Invasive pulmonary aspergillosis. Curr. Opin.
Pulm. Med. 8: 195—200.
Sallenave-Namont ,C . , Pouchus ,Y .F . , Robiou d e Pont ,T . , Lassus ,
P., V e r b i s t, J. F. (2000): Toxigenic saprophytic fungi in marine shellfish farm-
ing areas. Mycopathologia 149:21—25.
S a m s o n, R. A., van R e e n e n - H o e k s t r a, E. S. (1988): Introduction to food-
-borne fungi. Centraalbureau voor Schimmelcultures, Baarn, Delft, The Nether-
lands.
S a r f a t i, J., J e n s e n, H. E., L a t g e, J. P. (1996): Route of infections in bovine
aspergillosis. J. Med. Vet. Mycol. 34: 379—383.
Š a r i ã, Lj., Ã., Š k r i n j a r, M. M. (2008): Share of aflatoxigenic moulds from genera
Aspergillus and Penicillium in mycopopulations isolated from spices for meat pro-
cessing Industry. Matica Srpska Proceedings for Natural Sciences 114: 115—122.
Škrinjar , M . : Fungal and mycotoxin contamination of some food industry by-pro-
ducts. 25th Food Technology Days 2008, “By-products and wastes in food proces-
sing-utilization and Ecology", Ljubljana, Slovenia, April 17—18, 2008, Proceed-
ings, 73—84 pp.
Š k r i n j a r, M. M., B a n d u, M., D i m i ã, E., B j e l o b a b a, K., R o m a n i ã, R.
(2007): Infekcija semena suncokreta ÿetve 2006. aflatoksigenim gljivama. Uljar-
stvo 38: 41—48.
Škrinjar ,M .M . , Aå ,M . , Krajinoviã ,M . , Popoviã-Vranješ ,A .( 2008a):
Zdravstveni i ekonomski znaåaj prisustva toksigenih plesni i mikotoksina u stoånoj
hrani. Savremena poljoprivreda 57: 26—34.
Škrinjar ,M . , Krajinoviã ,M . , Popoviã-Vranješ ,A .(2008): Plesni i mi-
kotoksini u hrani za ishranu krava muzara i sirovom mleku. Simpozijum “Stoåar-
stvo, veterinarska medicina i ekonomika u proizvodnji zdravstveno bezbedne hra-
ne", Herceg Novi, 22. — 29. Juni (b), Zbornik kratkih sadrÿaja, 182 p.
Ÿivanoviã , J . S . , Sokoviã , M . D . , Glamoålija , J . M . , Zolotarevski ,
L .D . , Kataranovski ,M .V . , Kataranovski ,D .S .(2007): Characteri-
stics of local pulmonary response following intranasal application of Aspergillus
fumigatus conidia. Matica Srpska Proceedings for Natural Sciences 113: 243—
247.
111FREKVENCIJA RASPROSTRAWEWA ASPERGILLUS FUMIGATUS FRES. —
TOKSIGENE I ALERGENE FUNGALNE VRSTE U HRANI ZA ISHRANU
MUZNE STOKE TOKOM JEDNE ISTRAŸIVAÅKE GODINE
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Rezime
Ispitana je fungalna kontaminacija 92 uzorka hrane korišãene za ishra-
nu muzne stoke tokom jedne godine (u sva godišwa doba) na podruåju Vojvodine.
Posebna paÿwa posveãena je rasprostrawewu A. fumigatus, fungalne vrste štet-
ne za qudsko zdravqe i zdravqe ÿivotiwa. Ustanovqeno je da su svi uzorci hra-
ne u toku leta i proleãa biti kontaminirani gqivicama, kao i oko 95% u jese-
wem i zimskom periodu. Aspergili su zapaÿeni kao kontaminenti u svim godi-
šwim dobima. Wima je kontaminirano oko 63% hrane u letwem periodu, 67% u
jesewem, 89% u zimskom i 48% u proleãnom. A. fumigatus bio je konstantno pri-
sutan u hrani. Izolovan je iz oko 19% uzoraka hrane u toku leta, 33% u jesewem
periodu, åak iz 61% uzoraka u zimskom i iz 4% uzoraka u proleãnom periodu.
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